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ABSTRACT: This study presented the results of the analysis of existing approaches to the assessment of the severity of
lower extremity injuries protected with explosion-proof shoes in case of mine-explosive ammunition explosion. An increas-
ing number of mine explosives are used in modern local wars and armed conflicts. At present, more than 110 million mines
are planted and activated. Every year, nearly 10 thousand individuals are killed by explosive demolitions, and more than
20 thousand civilians sustain injuries. The necessity to clear minefields and to destroy located ammunition increases the risks
of mine clearance specialists to mine-blast trauma of the lower extremities. To reduce the likelihood of severe trauma in this
population, developing effective blast protective equipment, such as anti-mine boots, is necessary. The effectiveness evalu-
ation of protective boots requires special methodology that should comprise relevant methods of mine-blast trauma severity
estimation. Mine-blast trauma is a special type of surgical pathology where the injured individual has extremity avulsion or
multiple injuries to extremity tissues accompanied by severe impairment of body functions. Almost all available domestic
classifications of mine-explosive wounds have a pronounced clinical orientation, and foreign ones have terminologies that
are not accepted in Russia and cannot be fully used for assessment purposes. The modified working classification, in the form
of a rating scale, showed not only the characteristics of a given blast trauma but also the criteria of trauma severity estima-
tion and feasibility of exposure to blast trauma. The results of the study demonstrated the potential for its use to estimate
the protective features of mine clearance specialist boots when exposed to charge explosion, as well as recommendations
to include this classification in documenting the science and technology that deal with the general specifications of protective
equipment for specialists at the project stage.
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PA3PABOTKA LIKAJIbl OLEHKU TAXECTU
MWHHO-B3PbIBHbIX PAHEHUU 3ALIULLEHHBIX
HUAKHUX KOHEYHOCTEU YE/IOBEKA

A.B. [leHucos, B.B. Xomuneu, C.M. JloratkuH, A.B. AuucuH, A.I1. BorkyeHKo

BoeHHo-MeMUMHCKan akagemus nMenn C.M. Kuposa, CankT-letpebypr, Poccua

PesioMe. PaccMoTpeHbl pe3ynbTaTbl aHanM3a CYLLECTBYIOLMX MOAXOAO0B K OLEHKE TAMKECTU MOBPEHAEHUA HUKHMX
KOHEYHOCTEN YeNOBEKa, 3aLUMLLEHHbIX B3PbIBO3ALLMTHOM 06YBbIO, NPM NOApPLIBE HA MUHHO-B3PbLIBHOM 6oenpunace. U3-
BECTHO, 4TO B COBPEMEHHbIX /IOKaNbHbIX BOMHAX M BOOPYMEHHbIX KOHGMMKTaX Habnogaetca Bce 6onee LWMpoKoe npu-
MeHeHMe MUHHO-B3PbIBHbIX 6oenpunacos. B HacTosALlee BpeMs B MUpe YCTaHOB/IEHO M HAXOAMTCA B H0EBOM MONOMKEHUM
cBbilwe 110 MAH MUH. ExeroaHo npu noapbiBax Ha B3pbIBOONACHbIX NpeaMeTax normbaet okono 10 Thic. YenoBek U bonee
20 ThiC. MUpHbIX *UTENEN NonyyatoT yBeybA. HeobxoAMMOCTb NpoBeAEHNUA Pa3MUHUPOBAHWA TEPPUTOPUM U YHUUTOKEHMSA
06Hapy*eHHbIX 60eNpUNacoB HECYT PUCKM NONYYEHUA CNELMANUCTaMN MUHHO-B3PbIBHOM TPaBMbl KOHEYHOCTEN. [nA CHU-
KEHUA BEPOATHOCTM TAMKENOro NopaKeHus canepoB TpebyetcA paspaboTka 3PdeKTUBHBIX CPeACTB 3aLLUThl OT B3pbiBa,
K 4MCy KOTOpbIX OTHOCMTCA 3aliMTHaA 0byBb canepa. OueHKa ee 3aWMTHOM 3dPEeKTUBHOCTM TpebyeT UCMob30BaHMA
0c060ro MeToAM4ECKOro annaparta, KoTopbli AOMKEH BK/IOYaTb COOTBETCTBYIOLLME METOAbI OLEHKM TAKECTU MOYYeHHbIX
MWHHO-B3PbIBHbIX MOBPEHAEHWUA. MUHHO-B3pbIBHLIE PaHEHUS ABNAIOTCA 0COObIM BUAOM 60EBOW XMpYpruyecKoi natono-
MK, Koraa y NocTpaAaBLUMX 0TMEYAIOTCA OTPbIBbI M MHOMECTBEHHbIE MOBPEHAEHWA TKaHEe KOHEYHOCTEl, CONpOoBOMKAal0-
LLMECH TAXKENbIMU HapyLIEHNAMU GYHKLMOHANBHOTO COCTOSHMA OpraHu3Ma. BbifBeHo, YT NpaKTUYECKM BCe MMEIoLLMECH
0TEYECTBEHHbIE KNACCUPUKALMM MUHHO-B3PbIBHBIX PaHEHWUI UMEIOT BbIPAXKEHHYID KNMHWYECKYI0 HanpaBNeHHOCTb, a 3a-
pybexkHble — He MpuHATYI0 B Poccum TepMUHONOTMIO U He MOryT BbiTb B NOHOM Mepe UCMo/b30BaHbl B UCMbITAaTe/bHbIX
uensx. MpeanoxeH BapuaHT paboyei KnaccuduKaLumUm B BUAE OLEHOYHOW LUKanbl, He TOSIbKO OTParKaloLLen 0cobeHHOCTH
[AHHOT0 BUAA MWUHHO-B3pPbIBHOM TPaBMbl, HO U COAEPIKaLLEel KPUTEPUM OLIEHKM TAMKECTU WU JOMYCTUMOCTU NONYYEHHbIX
MWHHO-B3PbIBHbIX NOBPEXAeHMN. T0Ka3aHa BO3MOXKHOCTb €€ NMPUMEHEHWUA 41A OLLEHKM 3alMTHbIX CBOICTB 06yBM canepa
npu noZpbiBe Nof, Hel 3apAA0B B3PbIBYATOro BELLECTBA C PEKOMEHJaLMeN BRMIOYEHUs aHHOW METOAMKM B COOTBETCTBY-
IOLLYI0 HAY4YHO-TEXHWUYECKYI0 AOKYMEHTALMIO CUCTEMbI OBLLMX TEXHUYECKUX TPeHOBAHUM K CpeacTBaM MHAMBWAYaNbHOM
3alumTbI canepa npu ee paspaboTke.

KnioueBbie cnosa: BOEHHOC/yXallue; 3alUTHaA 06YBb canepa; KOHTaKTHbIM noapbis; MMHHO-B3PbiBHAA TPpaBMa; HUMHUE
KOHEYHOCTH; OLIEHKa TAMECTM NnoBpexaeHnA; NpoTMBoONexoTHaa M1UHa; CpeacTea MH,EI,VIBVI,D,yaJ'IbHDVI 3aLlUMnThI; Cy,D,GﬁHO-Me-
ONLUMHCKaA 3KCnepTu3a.
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Mine-explosive munitions are used increasingly in
modern local wars and armed conflicts. If, at the beginning of
the last century, during the Russo-Japanese war, the share
of explosive injuries did not exceed 20%, then in modern
armed conflicts, it accounted for at least 69% of all combat
injuries [1-3].

This problem remains relevant in areas where, at the end
of active hostilities, a considerable number of minefields,
mined objects, unexploded ballistic projectiles, and bombs
persist. At the same time, most explosive munitions do not
lose their combat qualities for many decades. According
to the United Nations, more than 110 million mines are
currently installed and combating with the territories (in
almost 60 countries). Every year, about 10,000 people die,
and more than 20,000 civilians are injured in explosions of
explosive objects [4-6].

All this necessitates mine clearance of the territory and
destruction of discovered munitions with the involvement
of specialists whose working conditions carry the risk of
mine-blast trauma (MBT) to their limbs. The development of
personal protective equipment against explosions is required
to reduce the probability of a severe sapper injury, which
includes sapper safety footwear (SSF). The evaluation of its
protective efficiency requires using a special methodological
apparatus, including appropriate methods for assessing
the severity of mine-explosive damage (MED), which
is only possible with the active participation of medical
professionals [7, 8].

Mine-explosive wounds (MEW) are considered a
special type of combat surgical pathology. Regardless of
the mechanism of detonation, all victims with the severe
contusion-commotion syndrome and blood loss have
avulsions or multiple damages to limb tissues, accompanied
by severe impairment of the functional state of the body. It is
the severity of primary injuries and the course of traumatic
disease in this group of wounded patients, accompanied by a
large number of infectious complications and a high degree
of disability, which require diversified studies to develop
an effective system of pathogenetically substantiated
therapeutic and preventive measures [9-11].

Several Russian authors propose dividing the whole
variety of MBT into two main clinical variants: MEW,
which arises mainly as a result of the contact mechanism
of detonation in unshielded (unprotected) personnel, and
MED, characterized, as a rule, by an indirect (non-contact)
mechanism of exposure to explosion factors (usually in
protected personnel). At the same time, MEW is mainly
characterized by a combination of explosive destruction and
avulsion of limbs with a predominantly closed craniocerebral
injury, closed injuries and/or wounds, including penetrating
ones, of the chest, abdomen, and pelvis. MED is characterized
by closed (mainly) and open injuries of the musculoskeletal
system (multiple comminuted fractures, dislocations,
bruises) and internal organs, combined with a general
concussion-commotion syndrome [12, 13].

Vol. 23 (3) 2021

DOl https://doi.org/10.17816/brmma73198

Bulletin of the Russian Military Medical Academy

In practice, it is not always possible to distinguish MEW
and MED. If the efficiency of the protective equipment and
the power of the explosive device do not correspond to
each other, the clinical manifestations of MEW will often
prevail. In this regard, for military field surgeons, in our
opinion, the therapeutic-tactical classification proposed by
E.K. Gumanenko [14] is more suitable. It correlates with
the general classification of combat trauma and determines
the surgical approach. In this classification, all injuries that
occur in the wounded from exposure to explosion factors
are proposed to be divided into three groups: namely, MEW
that occurs in the zone of direct damage and is necessarily
accompanied by explosive destruction of tissues and
avulsion of limb segments; explosive injuries (EI) arising
from the action of all explosion factors in the absence
of direct contact with an explosive device, taking into
account the propelling effect of the explosion, the impact of
surrounding objects and armor damage; shrapnel wounds
outside the affected area by other factors of explosion.

In the range of the Russian methods for assessing
the severity of a combat gunshot injury, the scale for
assessing the severity of gunshot injuries, “Military Field
Surgery — Injuries (gunshot wounds) — MFS-I (GW),”
developed by specialists from the Department of Military
Field Surgery of the S.M. Kirov Military Medical Academy,
based on the analysis of the experience of providing surgical
care to the wounded in local wars and armed conflicts of
recent decades [15], is most widely used by military doctors.

The severity of all cumulative injuries in a wounded
person is assessed by assigning an appropriate score to
each injury identified. At the same time, for ease of use,
the authors divided possible injuries by body regions, which
are presented in separate Tables. The proposed assessment
of the severity of gunshot injuries to the limbs is presented
in Table 1.

The scores obtained are summarized with a subsequent
gradation of the severity of the injury into mild (0.05-0.4),
moderate (0.5-0.9), severe (1-12), and extremely severe
(> 12) with a mortality rate of 0%, < 1%, 1-50%, and > 50%,
respectively.

It should be noted that this scale is intended for
the battlefield surgeon to make a medical and evacuation
decision regarding the wounded with a gunshot wound.
Accordingly, it does not fully consider all the local and
general aspects of the MBT.

Based on the experience of medical support for the Soviet
contingent in Afghanistan, V.M. Shapovalov [16] proposed his
classification of explosive wounds and injuries. According
to this classification, MEW and MBT are particular types of
blast wounds and injuries, divided by the nature of the injury,
concomitant tissue damage, the presence of associated
injuries, and the nature, type, and localization of fractures and
articular injuries. A shaped charge, a grenade, and a primer
are separately identified as a source of explosive wounds. In
addition to describing the morphological manifestations of El
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of the extremities, this classification included the possibility
of simultaneous assessment of emerging functional disorders
in the form of determining the degree of blood loss and
the severity of the developing shock.

In addition, the classification considered all kinds of injuries
received by patients as a result of direct and indirect exposure
to explosion factors, which enabled making a detailed clinical
diagnosis. However, in addition to the possibility of forming
a detailed morpho-functional diagnosis, this model cannot
be used to determine the specifics of the identified damage
and does not contain a categorization algorithm, which, in
turn, does not allow the full application of this classification
when assessing the quality of explosion-proof equipment
(in particular, SSF) [17].

Undoubtedly, the severity of El can also be determined
using the appropriate damage scales, presented as a
conditional quantitative (numerical) characteristic (code) of
the type and severity of each specific injury.

The best-known scale of this type, used worldwide, is
the Abbreviated Injury Scale (AIS) proposed by the American
Medical Association [18].

Table 1. Trauma severity score by the rating scale “Military field su
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In the AIS system, each injury is assessed by nature
and severity. At the same time, the AIS scale only assesses
the severity of isolated injuries since the summation of
severity codes is unacceptable. The identified injuries are
ranked on a scale from 1 to 6 points (Table 2).

The AIS scale has several significant disadvantages,
the main of which is its subjectivity in assessing the severity
of injuries, leading to a mechanical combining of injuries
of various localizations based on arbitrary criteria, as
well as the possibility of assessing only isolated injuries.
At the same time, MEW is characterized by multiple and
combined injuries [19].

Another example of the implementation of the clinical
approach is the Bastian classification of explosive lower
limb injury proposed in 2014 and developed by a group of
specialists from the Camp Bastion field hospital deployed by
the British contingent in Afghanistan from 2006 to 2014 [20].
This classification involves the division of the wounded into
five classes, depending on the level of injury to the lower
extremities:

- class I—only the foot is damaged (destroyed);

rgery injuries (gunshot wounds): the extremities”

Tabnuua 1. OueHKa TAXecTV noBperaeHni no wrane «BMX-M (OP) — KoHeuHoCTH»

Nature and localization of injuries

| Severity of injuries, score

Circumscribed wounds of the soft tissues of the extremities
Non-penetrating wounds of the major joints

Circumscribed wounds of the soft tissues of the foot

Marginal and perforating fractures of the long bones
Penetrating wounds of the small joints

Extensive soft tissue wounds on the extremities
Circumscribed wounds of the soft tissues and the bones of the foot
Penetrating wounds of the major joints

Lower leg fracture

Extensive wounds of the soft tissues and the bones of the foot
Damage to the major nerves

Hip fracture avulsion

Hip fracture

Damage to the main vessels of the limbs

Lower leg avulsion

Thigh avulsion

0.05
0.1

0.2
0.2
0.2
0.6

—_ o

Table 2. AlS-abbreviated trauma score
Tabnuua 2. CokpallieHHan WKana nospemaeHnii AlS

Score

Severity of damage

Mild
Medium

Severe, not life-threatening

1

2

3

A Severe, not life-threatening, with the probability
5 Life-threatening, with improbable survival

6

Fatal, with a lethal outcome within 24 hours

of survival
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- class ll—destruction above the foot with the possibility of
applying a tourniquet below the knee;

- class lll—destruction above the knee with the possibility
of applying a tourniquet to the thigh;

- class IV—destruction above the knee, but with
the impossibility of applying a tourniquet to the thigh;

- class V—explosive injury of the gluteal region.

In addition, depending on the nature of the concomitant
injury above the thigh level, the wounded are assigned four
letter indexes (A—penetrating wound of the abdomen; B—
damage to the genitals and perineum; C—impairment of
the integrity of the pelvic ring; D—the trauma of the upper
limb).

This classification also has clinical and approach
significance. Each wounded patient is assigned a particular
class of damage, which determines the level of assistance
and the nature of medical and evacuation measures. Surgical
care can be provided in a military district hospital with a
class Il explosive injury. In contrast, with a class Il injury,
the participation of a vascular surgeon is already required,
with the need to evacuate the wounded to a specialized
hospital. The clarity and simplicity of assessing the severity
of patients in this classification are instrumental in the case
of a mass admission of the wounded [21].

In general, the classifications presented above cannot be
fully used to evaluate protective footwear, as they preclude
assessing the admissibility of a particular impact.

Currently, when testing protective footwear in the North
Atlantic Alliance countries, the Mine Trauma Score (MTS,
Table 3) [22] is successfully used.

As a limit characterizing the required level of protection
of the lower limb of a serviceman with special footwear,
the MTS value up to 1b inclusive is taken when such injuries
of the lower limb that do not lead to the foot amputation
are allowed (“no major surgical intervention is required”
or “surgical intervention is required, the limb can be
saved”) [23].

We [24] proposed our version of the working classification
in the form of an MBT rating scale for the lower extremities of
a person for assessing samples of explosion-proof footwear
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with additional justification for the severity of damage in
the form of a predicted percentage of the permanent loss of
the general ability to work (Table 4).

In the rating scale presented, open uncontaminated
injuries imply open fractures of the foot bones while
maintaining the integrity of the shoe from the inside. In
contrast, open contaminated injuries are open fractures of
the bones of the foot with a violation of the shoe integrity
from the inside. In the presence of simultaneous three
or more signs of the damage presented the MBT severity
increases by a stage.

The sequence of work with this scale involves
comparing all the damage to the protected lower limb of
the wounded (after the explosion) with the injuries indicated
in the relevant sections of the Table and determining
their severity in points. Each score corresponds not
only to its morphological criteria for damage but also
to the necessary medical care specifying the possible
outcome regarding the level of necessary amputation
and the expected degree of loss of the general ability to
work. For each score, there is a gradation according to
the presence or absence of a violation of the integrity of
the footwear protective structures. The resulting score
indicates the admissibility of the identified damage,
which is the criterion for the efficiency of the protective
characteristics of the tested sample of explosion-proof
footwear.

Indeed, from the standpoint of maintaining human health,
the absence of injuries in explosions in protective shoes is
optimal. However, the question arises of the achievability
of this result when using the available design solutions,
technical means, and materials used. An equally important
issue is the ergonomic properties of footwear. Having good
protective characteristics, footwear may be unsuitable for
wearing and performing combat training tasks typical of
the professional military activity of a sapper.

Normalization of exposure, concerning the assessment of
footwear’s protective properties, is a complex, multifactorial
sociobiological problem. The basic principles of normalization
are undoubtedly general. However, for hygienic regulation,

Table 3. Mine-blast trauma score accepted in North Atlantic Treaty Organization
Ta6auua 3. LLkana MUHHO-B3PbIBHOM TpaBMbl, NpUHATaA B CeBepoaTNaHTUYECKOM anbAHCe

Severity Type of injury Surgical approach
0 Minimal No major surgery required
1 Closed
[E Open uncontaminated Surgery is required, and the limb can be saved
1b Open contaminated
2 Closed
2a Open uncontaminated Below-the-knee amputation is required
2b Open contaminated
Open contaminated Amputation at the level of the lower leg or thigh is required
4 Open contaminated Amputation at thigh level is required

DOl https://doi.org/10.17816/brmma73198
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Tabnuua 4. OLeHoYHas LWKana MUHHO-B3PbIBHOM TPaBMbI HUKHMX KOHEYHOCTEN YesloBeKa /1A OLEHKM 00pasLioB B3pbIBO3aLLMTHOI 06YBH
Table 4. Mine-blast trauma score for lower extremities used to estimate samples of anti-mine boots

MBT
severity

Nature of injury

Signs of injuries

Medical care required

Prognosis of loss
of general ability to
work, %

Minor

- bruises of the soft tissues of the foot and lower leg;
- abrasions, ecchymosis, and circumscribed
hemorrhages in the soft tissues of the foot

Conservative
treatment is indicated

less than 5

Minimal

- damage to the ligaments of the foot and the ankle
joint;

- fractures of the bones of the tarsus, 1-2 metatarsal
bones, and phalanges of the toes;

- fractures of the ankle joint without the displacement of
fragments

- fractures of the calcaneus, the talus without the
displacement of fragments;

- fracture of the distal metaepiphysis of the tibia without
the displacement of fragments.

Conservative
treatment is possible

5-9

10-19

2A

Closed

- comminuted fractures or fracture-dislocations of the
bones of the tarsus and the metatarsus;

- fractures of the calcaneus and talus bones with the
displacement of fragments;

- fractures of the ankle joint with the displacement of
fragments;

- fractures of the bones of the lower leg with the
displacement of fragments

26

Open
uncontaminated

- the destruction of the foot at the level of the
metatarsus, the tarsus;

- defect of integumentary tissues up to 30% of the foot
surface;

- comminuted fractures or fracture-dislocations of the
bones of the tarsus and the metatarsus;

- fractures of the calcaneus and talus bones with the
displacement of fragments;

- fractures of the ankle joint with the displacement of
fragments;

- fractures of the lower leg bones with the displacement
of fragments

2C

Open
contaminated

— the same as 2B in case of the shoe integrity violation
from inside

Foot-sparing surgery
is required

20-29

30-39

3A

Closed

- multiple multi-comminuted fractures with the
destruction of the foot bones;

— injury/thrombosis of the posterior tibial, anterior tibial,
and fibular arteries

3B

Open
uncontaminated

- the destruction of the foot at the ankle joint level;
- defect of integumentary tissues up to 50% of the foot
surface

3C

Open
contaminated

- the same as 3B in case of the shoe integrity violation
from inside

Amputation of the
foot or lower third of
the leg is required

40-49

Open
contaminated

- defect of more than 50% of the soft tissues of the foot;

- the destruction of the lower leg to the level of the
distal metaepiphysis of the tibia;

- damage to the popliteal artery

Amputation at the
level of the upper
third of the lower leg
is required

50-59

Open
contaminated

- the destruction of the lower leg at the upper third
level;

- the destruction of the knee joint;

- damage to the femoral artery

Amputation at the
level of the lower
third of the thigh is
required

60-65

DOl https://doi.org/10.17816/brmma73198
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this is primarily the principle of guarantee, which guarantees

maintaining health (in the broadest sense of the word),

working capacity, and, in some cases, human life [25].
Already this definition comprises another principle of

normalization, namely the principle of differentiation, which

provides the development of not only the optimal and
maximum permissible values of the acting factor but also
the maximum permissible and maximum tolerable levels.

The rationing criterion is sometimes not health but working

capacity (combat capability) and even survivability [26].
Concerning rationing of mine-explosive impact when

testing protective footwear, in our opinion, the following two

levels of rationing are appropriate:

- the maximum (or utmost) allowable;

- the maximum (or utmost) tolerable.

At the maximum allowable level of exposure, some
decrease in working capacity and temporary deterioration
of health is allowed. This is the level of emergencies and
wartime. The maximum tolerable level of survival allows
for a decline in working capacity, incapacitation, and
deterioration in health. In general, it is intended for use in
exceptional wartime situations.

In addition, during explosions in anti-personnel
mines, the maximum permissible level should preserve
the working capacity (combat capability) of the user of
protective footwear, allowing only short-term incapacitation
from the working cycle with minimal damage to health.
These conditions will be met in cases where the user will
experience damage in the form of abrasions, bruises, and
minor superficial wounds that do not entail health disorders
or permanent loss of general ability to work and are not
regarded as “harm to health.”

The indicated level of regulation can be used when setting
requirements for protective footwear for military specialists
needing enhanced countermining protection.

The maximum tolerable level is the level of survival that
ensures the preservation of the user’s life. For this level,
the absence of serious harm to health, one of the signs
of life-threatening injuries or causally associated life-
threatening conditions, must be ensured.

The well-established forensic practice indicates that
the medical criteria for qualifying signs concerning severe
harm to health in injuries of the lower extremities are
the following:

- harm to health, hazardous to human life, which by its
nature directly poses a threat to life, as well as harm to
health that caused the development of a life-threatening
condition, namely “acute, profuse, or massive blood loss;”

- loss of any organ or loss of its functions by an organ, in
particular: “loss of an arm or leg, i.e., their avulsion from
the body, or permanent loss of their functions ...; loss of
a hand or foot is equivalent to the loss of an arm or leg”;

- “significant permanent loss of general ability to work by
at least one-third (persistent loss of general ability to
work over 30%).”
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Severe harm to health, causing a significant permanent
loss of general ability to work by at least one-third, that is,
more than 30%, regardless of the outcome and provision
(non-provision) of medical care, also includes an open
or closed fracture of the ankles of both tibia bones in
combination with a fracture of the articular surface of
the tibia and rupture of the distal tibiofibular syndesmosis
with subluxation and dislocation of the foot [27, 28].

Therefore, for the maximum tolerable level of mine-
explosive impact, only harm to health, estimated at no more
than moderate severity, which implies no danger to life,
allowed short-term or long-term health disorder (temporary
disability lasting up to or more than 21 days, respectively) or
persistent loss of general ability to work up to 10% or from
10% to 30% inclusive, can be acceptable. Such patients will
either not need surgical care during the stages of medical
evacuation or will need it to save the limb.

Until additional experimental studies are conducted, it is
challenging to estimate the acceptability of forensic medical
criteria unambiguously for assessing the severity of harm to
human health for testing protective footwear. Such criteria
may not be fully suitable for assessing mine-El.

In general, the requirements for anti-mine footwear can
comprise two regulatory levels: the level of maintaining
the working capacity (maximum allowable) and the level of
survival (maximum tolerable).

As already noted, for the maximum permissible level
of exposure, injuries in the form of abrasions, bruises, and
minor superficial wounds can be permissible, which do
not entail a short-term health disorder or an insignificant
permanent loss of general ability to work. For the maximum
tolerable level, injuries up to 2A points inclusive, according
to the proposed classification (Table 4), can be permissible,
including those requiring surgical intervention:

- comminuted fractures or fracture-dislocations of
the bones of the tarsus and the metatarsus;

- fractures of the calcaneus and talus bones with
the displacement of fragments;

- fractures of the ankle joint with the displacement of
fragments;

- fractures of the bones of the lower leg with
the displacement of fragments.

Despite the relatively favorable probable outcome of
similar open-type injuries (with the skin integrity damage),
they apparently should not be allowed when evaluating and
monitoring the protective properties of footwear at the test
stages since any open-type injuries create prerequisites for
developing complications of MED in the near or the distant
future.

Thus, damage to the lower limbs protected with
explosion-proof footwear that occur during contact
detonation can be classified as a different type of “beyond-
barrier” MEW as mine-explosive wounds in the SSF,
characterized by almost complete leveling of all factors
of a close explosion, especially its brisance action, under
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the condition of sufficient efficiency of protective properties
of footwear and preservation of its integrity. In this case,
the wounded person may experience various “impact”
(mostly closed) injuries in the form of abrasions, bruises
of soft tissues, damage to the ligamentous apparatus, and
fractures of the bones of the foot and lower leg of varying
intensity. When the structure of protective footwear is
destroyed, the lower limb may be exposed to all factors
of the explosion, although weakened to a certain extent.
In this case, damage typical of the classic contact MEW
(mainly open) can be noted, accompanied in extreme cases
by severe tissue damage and avulsion of the lower limb
segments.

It is advisable to use the proposed version of the rating
scale to conduct biomedical tests of the protective
properties of the sapper’s footwear since it considers not
only the morphology of injuries and treatment approach
but also their possible consequences for the health of
the victim regarding hazard to life and permanent loss of
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